A model of genome evolution is proposed. Based on three assumptions the evolutionary theory of a genome is formulated. The general law on the direction of genome evolution is given. Both the deterministic classical equation and the stochastic quantum equation are proposed. It is proved that the classical equation can be put in a form of the least action principle and the latter can be used for obtaining the quantum generalization of the evolutionary law. The wave equation and uncertainty relation for the quantum evolution are deduced logically. It is shown that the classical trajectory is a limiting case of the general quantum evolution depicted in the coarse-grained time. The observed smooth/sudden evolution is interpreted by the alternating occurrence of the classical and quantum phases. The speciation event is explained by the quantum transition in quantum phase. Fundamental constants of time dimension, the quantization constant and the evolutionary inertia, are introduced for characterizing the genome evolution. The size of minimum genome is deduced from the quantum uncertainty lower bound. The present work shows the quantum law may be more general than thought, since it plays key roles not only in atomic physics, but also in genome evolution.
demonstrate that the classical evolutionary trajectory can be replaced by trajectory-transitions among them in general and the concept of quantum evolution should be introduced. Thus, both classical phase (gradually and continuously) and quantum phase (abruptly and stochastically) that have been observed in the evolution can be explained in a natural way. Simultaneously, the quantum theory gives us a fully new view on the genome evolution problem.
Basic assumptions of the model for genome evolution Ansatz 1: For any genome there exists a potential to characterize the evolutionary direction [4] ii DxxNNxxNx =−= ∑∑ (2) Notice that the potential defined by (2) equals Shannon information quantity multiplied by N. In literatures D is called diversity measure which was firstly introduced by Laxton [5] . In their studies the geographical distribution of species (the absolute frequencies of the species in different locations) was used as a source of diversity. Recently, the method was developed and applied successfully to various bioinformatics problems, for example, the intron splice site recognition [6] , the promoter and transcriptional starts recognition [7] , the protein structural classification [8] , the nucleosome positioning prediction [9] , etc. Now we shall use it to study evolutionary problem. The evolutionary law can be reformulated based on Feynman's action integral [10] . Introduce a functional (called Information action)
Then the solution of (4) can be expressed as
as the dissipation is weak （f can be neglected） . Therefore, the classical evolutionary trajectory x i (t) satisfies the principle of the least action. By use of path integral quantization the evolutionary trajectory theory can be generalized to a more general quantum formalism. Ansatz 3 : The genome evolution obeys a general statistical law, described by the information propagator increases. In latter case, although the genome size decreases the eliminated segment is often useless or even deleterious due to negative selection but the function-coding DNA is generally not deleted. In fact, DNA loss was frequently observed in genome evolution. Recent research indicated that deletional bias is a major force shaping bacterial genomes [11, 12] . However, through experiments on E coli [13] we demonstrated that the pervasive bias towards segmental deletion is connected with the deletion of pseudogenes and other nonfunctional insertion sequences. Based on these observations it was concluded that due to natural selection, despite of the frequently occurring deletion events, the function-coding information quantity of a genome still grows in the course of evolution [4, 13] . The evolutionary direction described by Eq (10) is essentially consistent with the law of function-coding information quantity growing.
Alternating occurrence of classical and quantum phases
Classical phase means the smooth evolution obeying the classical deterministic law, while the quantum phase means the sudden evolution obeying the quantum stochastic law. The present model of genome evolution predicts the alternating occurrence of both phases. Many different estimates for the rate of evolution were made from the fossil records. As compiled by Gingerich [14] [15] four hundred and nine such estimates were reported and they vary between 0 and 39 darwins in fossil linearage. Palebiological studies indicated that species usually change more rapidly during, rather than between, speciation events. The smooth evolution always occurs between speciation events and the sudden evolution preferably occurs during speciation. The former can be interpreted as the classical phase and the latter as the quantum phase in our model. Palebiological studies also indicated that the structurally more complex forms evolve faster than simpler forms and that some taxonomic groups evolve more rapidly than others. All these observations can be interpreted by the alternating occurrence of classical and quantum phases and discussed by the evolutionary equation (4) and (7).
Phyletic gradualism states that evolution has a fairly constant rate and new species arise by the gradual transformation of ancestral species. While punctuated equilibrium argues that the fossil record does not show smooth evolutionary transitions. A common pattern is for a species to appear suddenly, to persist for a period, and then to go extinct. Punctuated equilibrium states that evolution is fast at times of splitting (speciation) and comes to a halt (stasis) between splits. The theory predicts that evolution will not occur except at times of speciation. It seems that phyletic gradualism and punctuated equilibrium are contrasting and contradicting theories. [16] However, from our model of genome evolution both smooth and sudden phase should occur in a unifying theory. By using the evolutionary equation (4) it is easily to deduce that the evolution has a range of rates, from sudden to smooth. Moreover, from the general formalism given by Eq (7) the evolutionary trajectories during speciation should be switched to quantum transitions among them . Thus, from the present theory the punctuated equilibrium and the phyletic gradualism are only the approximate description of two phases of an identical process.
Laws in classical phase
From Eq (4) and (1)(2) 
Eq（11）can be written in a form of
Eqs (11) and (12) Many examples show that the genome always becomes as diverse as possible and expands their own dimensionality continuously in the long term of evolution [4] . These observations are in agreement with the evolution-promoting force introduced in Eq (11). In his book "Investigation" Kauffman wrote："Biospheres, as a secular trend, that is, over the long term, become as diverse as possible, literally expanding the diversity of what can happen next. In other words, biospheres expand their own dimensionality as rapidly, on average, as they can." and called it "the fourth law of thermodynamics for self-constructing systems of autonomous agents" [17] . Our proposal on evolution-promoting force is consistent with Kauffman's suggestion about the force for "expanding the diversity" in autonomous agents.
Segment duplication including global duplication and regional multiplication is a major force for genome evolution. The duplication can easily be deduced from Eq (11) This explains the evolutionary stasis of some species. For example, the study of "living fossil" lungfish showed that around 300 million years ago the lungfishes were evolving rapidly, but since about 250 to 200 million years ago their evolution has become right down. [3] . However, for a genome in suddenly-changing environment, the selective force
changes rapidly. If the negative selection is strong enough then the genome cannot adapt to the sudden change of environment (for example, the food deficiency), and the species would go extinct; or new species would otherwise emerge, the genes of which can adapt to the functional needs under new environment.
Basic characteristics in quantum phase
Suppose the statistical state of the DNA evolution is represented by a wave function (x,) t ψ that describes the probability amplitude at time t . The propagation of wave is determined by U 
We can prove (x,) t ψ satisfies Schrodinger equation (see Appendix)
H is called Hamiltonian of the genome. Eq (15) is the stochastic-generalization of the deterministic equation (4) The above discussions show that there exists good correspondence between classical evolutionary equation, Eq (4), and quantum equation, Eq (15) . The quantum evolutionary equation is the logic generalization of the classical equation. The generalization is valid not only for the evolution in stable environment but also for the evolution in varying environment where the evolutionary potential V and inertia c 2 are time-dependent.
As an application of the quantum evolutionary theory we discuss the speciation event from the view of quantum transition. Based on Schrodinger equation the speciation rate can be [x] S L δ will only be in the order of one radian or less and all ideal trajectories will contribute to the propagation function. That is, the quantum transition should be observed through the small window whose width is near to or smaller than L. In a word, the coarse-grained evolution is observed on a classical trajectory but the quantum laws should be discovered by the fine-grained observations. Moreover, even for evolution in classical phase the quantum stochasticity can still be observed through a small enough window.
Two constants, quantization constant L and evolutionary inertia c, both in the dimension of time, play important roles in the quantum evolutionary theory. The former is related to the realization of the quantum picture of the evolution. The variation of the latter makes the switch from the classical phase to quantum or vice versa. From the estimate of the frequently observed short-term duplication the parameter c should be a small quantity. Setτ the average lifetime for one generation of the species. One assumes tentatively c 0 = 
Two quantum theories and two classical limits
It is interesting to make comparison between the present quantum model for genome and the conventional quantum theory for electrons, atoms and molecules (even for some degrees of freedom of macromolecules [18] ). Both systems have wave function satisfying Schrodinger equation. Both theories have their classical limit. The classical trajectory of an atom or an electron is given by the position coordinate of the particle as a function of t , while the classical trajectory of a genome is given by the nucleotide frequency of DNA as a function of t . The former is constrained by particle's energy while the latter is constrained by genome's information. Energy is conserved with time but information always grows in evolution. The atomic quantum theory has an elementary constant, the Planck's constant, while the genomic quantum theory has a corresponding constant L. The Planck's constant has dimension of (energy × time) but the genome constant L has dimension of time. The classical limit of both theories is deduced from Planck constant h or genome constant L approaching to zero respectively. However, the Planck's constant is universal but the constant L is species-dependent because of the generation lifetimes varying largely from species to species. 
